Introduction
In vertebrates, the hypothalamo -pituitary-adrenal (HPA) axis is central to 3 promoting survival by allowing the a nimal to respond behaviourally and 4 physiologically to environmental stressors. Such responses may, however, include 5 suppression of reproductive activity via inhibition of the hypothalamo -pituitary-6 gonadal (HPG) axis: current survival is then traded off aga inst future reproductive 7 success (Klose et al., 2006; Wingfield, 2003) . Modulation of adrenocortical activity 8 during particular stages of life history may therefore be an important factor in 9
determining an animal's overall fitness (Moore and Jessop, 2003) . For example, in 10 arctic (Astheimer et al., 1995; Wingfield et al., 1995) and in desert (Wingfield et al., 11 1992) birds with limited time for breeding, the stress response is suppressed during the 12 reproductive phase and breeding appears to be prioritised, al beit at the risk of 13 increased mortality due to decreased responses to immediate stressors. 14 15
The anti-gonadal effects of stress in reptiles have been well documented (e.g. 16 Lance Jessop, 22 2001 ). This appears to represent a mechanism to ensure that the large energetic 23 reserves accumulated by these capital (oviparous) breeders are not wasted through 24
CORT-mediated stress responses (Jessop, 2001) . Similarly in female tree lizards, 25
Urosaurus ornatus, vitellogenic females show a large increase in plasma CORT 26 concentrations in response to an acute stressor, but gravid females do not (Woodley 27 and . In the garter snake Thamnophis sirtalis, breeding males from 28 populations with shorter breeding seasons exhibit reduced adrenocortical responses to 29 stress compared with males from lat itudes allowing more extended breeding (Moore 30 et al., 2001) , reflecting the greater potential of stressors to affect reproductive success 31 in males with shorter breeding seasons. 32 33 In mammals, both basal and stress induced concentrations of glucocorticoids 34 are greater in females than in males (Gaskin and Kitay, 1970; Handa et al., 1994a) . 35 Sex differences in stress responses of reptiles remain largely unknown but there is 36 some evidence to suggest that reproductive steroids may influence stress responses, 37
with females exhibiting greater adrenocortical responses to stressors than males. For 38 example, Grassman and Hess (1992a) examined the effect of gonadectomy on the 39 acute stress responses of male and female lizards of the species Cnemidophorus 40 sexlineatus: intact females subject to the acute stress of hand -chasing in a pail exhibit 41 higher plasma CORT concentrations than males exposed to the same stressor, while 42 castrated males show more dramatic increases in plasma CORT concentrations 43 following acute stress than i ntact males. In marine green and hawksbill turtles, 44 differences in the stress responses of females and males of differing reproductive 45 states are evident within the first few hours (Jessop, 2001 January) and (3) post-partum (early-March): post-partum females were considered to 27 be reproductively quiescent and the term "gestation" herein refers to females carrying 28 well formed embryos in the third trimester (Hickman, 1960; Milton, 1987; Chapple, 29 2005) . Males were collected i n late March, when they are reproductively quiescent 30 (Milton, 1987 prior to the blood sample being tak en. To avoid the influence of possible daily cyclic 3 variation in plasma CORT concentrations, catching of lizards was timed so that all 4 post-confinement blood sampling occurred within the same two -hour period (14:00 -5 16:00). To avoid recapture of the same individual, no animals were released until all 6 blood samples had been taken. 7 8
The ACTH stimulation test 9
The ACTH stimulation test was conducted in the field in March, using 10 reproductively quiescent (post -partum) females and males. The aim of this protoco l 11 was to assess the maximum secretory capacity of the adrenal gland. Blood samples 12
were taken from ten female and ten male Egernia whitii immediately upon capture. 13
Lizards were alternately assigned to ACTH or saline injection as caught. Five lizards 14 of each sex were injected intramuscularly (forelimb) with 2.5 IU ACTH in 25 L 15 (Syncanthen Depot, Novartis), while five control lizards of each sex were injected 16 with 25 L buffered lizard Ringer's solution. All lizards were then held in individual 17 cloth bags for a period of four hours. This period was chosen because this species' 18 adrenocortical response to acute stress has been shown to plateau at four hours (Jones 19 and Bell 2004; this study). At the conclusion of the four -hour period, a second blood 20 sample was taken, and lizards were released at their point of capture. All blood 21 samples were placed on ice until return to laboratory where samples were centrifuged 22 and plasma separated and stored for CORT assay as detailed below. 23 24
The influence of exogenous oestrog en on adrenal function 25
Fifteen post-partum females were caught in March. A blood sample was 26 collected immediately after capture, and the animals were palpated to ensure they 27
were not still gestating (no gestating females were caught). They were placed into 28 individual cloth bags for transportation back to the laboratory where they were housed 29 individually in plastic containers (30 x 20 x 10 cm). Each cage contained a basking 30 site located under a 25 W light globe on an 13 hr ON: 11 hr OFF cycle. Lizards were 31 provided with a retreat, and the cage substrate consisted of paper pellets to a depth of 32 approximately 2 cm. Lizards were fed three times per week on a diet consisting 33 predominantly of cat food supplemented by tenebrionid larvae (mealworms) and water 34 was available ad lib. The room air temperature was maintained at 20 C and 35 fluorescent overhead lighting was set to 13 L: 11 D, mimicking the natural 36 photoperiod. All females were held under these conditions in the laboratory for 1 wk 37 prior to the commencement of the experiment, to allow recovery from the increased 38 adrenal activity associated with the stress of capture and housing. (2004). The extraction efficiency was 100 % and the amount of hormone that can be 31 determined as statistically different from the zero tubes was found to be 0.5 ng/mL 32 plasma. The intra-assay coefficient of variation was 11.2 %, and the inter -assay 33 variation was 3.4 % (n=5). Serial dilutions of lizard plasma ran parallel to the standard 34 curve tested over 3-17 ng/mL plasma (Jones and Bell, 2004 CORT concentrations do not negatively affect the development of the young 37 following birth (Preest et al., 2005) . The authors propose that the capture -induced 38 CORT levels are lower and of shorter duration tha n necessary to have deleterious 39 affects on the embryos and also suggest that the extended period of gestation in this 40 species may require reduced sensitivity to elevated corticosterone (Preest et al., 2005 carolinenesis, having low plasma testosterone, exhibit a stronger adrenal stress 10 response than dominant males (Greenberg et al., 1984) . As our males were captured 11 during their period of reproductive quiescence, plasma testosterone concentrations 12 were low (Bell, 1997), which may explain why their adrenocortical response was 13 greater than females. 14 15
Reproductively quiescent males and females responded similarly to exogenous 16 ACTH. Plasma CORT concentrations increased to 52 ng/mL and 59 ng/mL 17 respectively, but plasma CORT also increased in the saline -injected animals, reaching 18 levels of around 30 ng/mL in both sexes, suggesting that the injection induced an acute 19 stress response. (Guillette et al., 1995) , and may display a high degree of 1 inter-species variation. 2 3
When challenged with ACTH, the oestrogen -treated females responded with a 4 marked increase in plasma CORT (similar to females subject to the ACTH stimulation 5 test directly following capture in the field). In contrast, females receiving the saline 6 control saline injections in place of oestrogen injection showed no such large CORT 7 response to ACTH injection. This may reflect adrenal exhaustion if these post-partum 8 females were responding to the acute stress of each saline injection with a large and 9 extended secretion of CORT, causing exhaustion of adrenal reserves of CORT over 10 the four days of injection: there is little storage of corticosteroids in the adrenals of the 11 lizard Sceloporus undulatus (Carsia and John-Alder, 2003). However, if the adrenals 12
were becoming exhausted, we would expect to find undetectable levels of CORT in 13 these saline-injected females at day four but instead levels were not significantly 14 different from time zero. Alternatively, saline -injected females may have become 15 desinsitised to ACTH during the four day injection period whilst sensitivity was 16 maintained in oestrogen-treated females. In mammals, oestrogen can increase cor tisol 17 production by the adrenals (Kitay, 1963) , and the response to ACTH is most 18 pronounced when estrogen levels are highest, such as at pro -oestrous (Viau and 19 Meaney, 1991 
